Eastman, C. J., and Lazarus, L. (1973). Archives of Disease in Childhood, 48, 502. Growth hormone release during sleep in growth retarded children. Plasma growth hormone (HGH) concentration was measured at frequent intervals during EEG-monitored nocturnal sleep in 12 children of short stature. Sleep-related HGH peaks were compared with peak HGH responses to arginine infusion and to insulin-induced hypoglycaemia. Peak plasma HGH levels during sleep ranged from 26-4 to 36 8 ,uU/ml in 5 children with constitutional short stature, and from 14 8 to 28 4 FU/ml in 4 children with chronic asthma. 3 hypopituitary children failed to show rises in plasma HGH levels despite EEG-adjudged normal sleep patterns. In the children who were not growth hormone deficient, maximum increases in plasma HGH concentration occurred from 30 to 90 minutes after the onset of sleep, and were associated with slow-wave sleep patterns on the EEG.
Spontaneous release of human growth hormone (HGH) during sleep is closely related to the state of slow-wave sleep, as determined by electroencephalographic (EEG) criteria (Takahashi, Kipnis, and Daughaday, 1968; Honda et al., 1969; Parker et al., 1969; Sassin et al., 1969 ). It appears that sleepinduced HGH release is a manifestation of a stable neuroendocrine rhythm, which is repetitive from night to night and independent of acute changes in the availability of metabolic substrate (Takahashi et al., 1968; Vanderlaan et al., 1970) . The usefulness of this phenomenon as a diagnostic measure of physiological HGH release in adults has been emphasized (Mace et al., 1970; ; however, its clinical use in children has not been fully explored.
Received 22 November 1972. The aims of this study were to determine the usefulness of sleep-related HGH release as a physiological test of pituitary function in children of short stature, and to compare the response with the HGH responses to provocative, pharmacological stimuli. Our results indicated that prepubertal children exhibit significant rises in plasma HGH during sleep and that measurement of sleeprelated HGH release is a good index of physiological HGH secretion.
Materials and methods Patients. The clinical details of the 12 patients studied are shown in Table I . All the children were prepubescent and were referred for investigation of short stature. The diagnosis of constitutional short stature was made in 5 children on the basis of history, clinical signs, the results of pituitary finction studies, and subsequent growth and development. The 4 502 (Rechtschaffen and Kales, 1968) .
Satisfactory sleep patterns were recorded in all patients included in this study. Once they were acquainted with the details of the test most of the children had little difficulty in going to sleep and did not appear to be stressed or inconvenienced by the procedure.
Sequential arginine infusion and insulin-induced hypoglycaemia stimulation tests were performed on each patient on completion of the sleep study (Penny, Blizzard, and Davis, 1969) . Arginine hydrochloride in a dose of 0 5 g/kg was infused as a 10% w/v solution in physiological saline over a period of 30 minutes. Insulin was administered intravenously in a dose of 0 * 075 to 0 1 units/kg 75 to 90 minutes after starting the arginine infusion. Venous blood for estimation of plasma HGH, plasma cortisol, and blood glucose was withdrawn at 15-minute intervals over a period of 21 to 3 hours. Laboratory methods. Plasma HGH was measured by a modification of the double antibody radioimmunoassay of Pennisi (1968) . The results are reported in ,tU/ml of the WHO IRP standard for immunoassay. To minimize interassay variation, all blood samples taken from an individual patient during the various tests were included within a single assay. Quality control was monitored according to the method of Rodbard et al. (1968) . The sensitivity of this assay was 1-0 ,uU/ml and the precision, defined as 95% confidence limits for replicate estimations of plasma HGH at 5*0, 10*0, 20 0, and 40 0 ,tU/ml in a representative assay, was ± 0 8, i 1 * 2, ±2 * 0, and ±6 * O pU/ml, respectively. Between assay variability was assessed by including quality control sera in each assay. The between assay precision at plasma HGH levels of 4-0, 8 -0, and 20 * 0 ,tU/ml was +0-6, ±2-0, and ±3-0 1.U/ml, respectively. Blood glucose was measured by the autoanalyser Technicon ferricyanide method of Hoffman (1937 he had responded to insulin-induced hypoglycaemia with a peak plasma HGH level of 12 0 ,uU/ml. This boy, who was growing at a rate of 2-0 cm/year when these studies were performed, responded to a therapeutic trial of HGH with a height gain of 5 -9 cm over the ensuing 6 months. Discussion HGH release during slow-wave sleep is a consistent and universal finding in healthy adults (Takahashi et al., 1968; Honda et al., 1969; Parker et al., 1969; Mace et al., 1970) and in normal prepubertal children over the age of 2 (Illig, Henrichs, and Stahl, 1971; Mace, Gotlin, and Beck, 1972; Underwood et al., 1971) . Though HGH release is intimately related to the electrophysiological events of sleep, the exact nature of this association remains obscure. Persistent rises in plasma HGH in the newborn both during sleep and when awake suggest that sleep-induced HGH release is an acquired neuroendocrine rhythm (Illig et al., 1971; Shaywitz et al., 1971; Finkelstein et al., 1971; Vigneri and D'Agata, 1971) . Once established in infancy, however, rhythmic sleep release of HGH is independent of factors known to influence HGH release during the waking hours. Acute changes in plasma substrates (Takahashi et al., 1968; Parker and Rossman, 1971) , moderate exercise (Zir, Smith, and Parker, 1971) , and adrenergic blocking agents (Lucke and Glick, 1971) do not appear to modify rhythmic sleep release of HGH. In contrast with the lability of plasma HGH during the waking hours, the stability and reproducibility of nocturnal HGH release suggest that this component of HGH secretion may be concemed with the basic physiological role of HGH in promoting growth. If HGH secretion is the rate-limiting factor in a child's growth, then any impairment in HGH secretion resulting in growth retardation may well be reflected in the sleep-related HGH surge.
The clinical usefulness of measuring HGH release during sleep in growth retarded children is clearly shown by this study. Children, like adults, have significant rises in plasma HGH levels during slow-wave sleep, the peaks of which are comparable with the peak responses measured after the administration of arginine or insulin. With the exception of 1 patient, the peak plasma HGH level measured during sleep occurred within 2 hours of the onset of sleep and was associated with the first entry into slow-wave sleep. Re-entry into slow-wave sleep during subsequent sleep cycles was associated with rhythmic HGH release in most of the children who were not HGH deficient; however, the magnitude, duration, and frequency of these secondary peaks were quite variable (Fig. 1) . Since HGH secretion rate is maximal during sleep (Alford, Baker, and Burger, 1971) , it is probable that these secondary peaks contribute significantly to the overall daily production rate of HGH.
The mean peak plasma HGH during sleep in the 9 children who were not HGH deficient was 26-4±2-2 and in the 3 HGH-deficient children 2-8 ,U/ml. Though we do not have a normal control group of prepubertal children with which to compare, it is interesting that the mean peak HGH level in the 9 children not HGH deficient is only slightly less than the mean peak plasma HGH level of 32*8 ±4*0 ,U/ml we have previously reported in 12 normal young adults studied under similar conditions (Eastman, Mitchell, and Lazarus, 1971) . Underwood et al. (1971) , using continuous EEG monitoring of the first 2 hours of sleep, reported a mean peak HGH level of 10-2 ng/ml in 16 normal children, while Mace et al. (1972) reported a mean peak of 17 7 ng/ml in 46 normal children sampled 90 minutes after the onset of sleep.
Confirmation oi HGH deficiency in the clinically suspect patient is usually obtained by measurement of plasma HGH levels after the application of a provocative pharmacological stimulus. The interpretation of HGH response to provocative stimulation tests is often difficult because of the high incidence of blunted or disparate responses observed (Youlton, Kaplan, and Grumbach, 1969; Raiti and Blizzard, 1970) . There has been considerable speculation as to whether a blunted response to a single stimulus or a disparate response to two or more stimuli reflects either a spurious result or individual variation in the sensitivity of the hypothalamus to the stimulus employed or a state of partial HGH deficiency (Youlton et al., 1969) . The results of the present study indicate that measurement of HGH release during sleep may also help to resolve this problem. In our study, 2 children (Cases 3 and 4) showed blunted HGH responses to arginine, but had normal HGH responses to insulin-induced hypoglycaemia. 1 of these children had shown a blunted HGH response (10-0 uU/ml) to insulin-induced hypoglycaemia during a previous test. On the basis of physical signs, other pituitary function studies, and subsequent growth performance, it is highly unlikely that either of these 2 boys is suffering from partia' hypopituitarism. Using the magnitude of the sleep HGH peak as the sole criterion of normality of HGH secretion, there was a clear distinction between these 2 children and the HGH-deficient children. The value of the sleep peak in discriminating between normal children and those with partial HGH deficiency, as defined by Tanner et al. (1971) , requires the study of a much larger series than presented here.
The intriguing question of whether a child may be capable of producing normal levels of HGH in response to provocative pharmacological stimuli, but be incapable of producing normal quantities of HGH during the normal course of life, has been raised recently by Tanner et al. (1971) . They reported a patient who responded normally to both insulin and Bovril stimulation, but grew at a rate of 7 4 cm/year in response to HGH therapy as opposed to 3-7 cm/year the preceding year. It appears that 1 of our patients (Case 12) falls into this category. This boy responded normally to arginine with a peak plasma HGH level of 20 * 4 ,uU/ ml, but had a blunted HGH response of 7 * 4 ,uU/ml to insulin-induced hypoglycaemia. His peak plasma HGH level during EEG-adjudged normal sleep was 4-0 ,uU/ml. The dramatic acceleration in growth after the introduction of HGH therapy provided unequivocal evidence that growth retardation was due to HGH deficiency. Thus, it is suggested that growth retardation in this boy resulted from impairment of physiological HGH secretion occurring in association with partial preservation of responsiveness to provocative pharmacological stimuli. As HGH secretion is regulated by multiple independent pathways (Glick, 1969) , it follows that functional or anatomical disturbances in the CNS may selectively involve one or more of these pathways while the others remain intact.
It is concluded from these studies that measurement of sleep-induced HGH release is a precise and sensitive index of physiological HGH secretion and is a valuable diagnostic tool in the investigation of children of short stature. 
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